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EXECUTIVE  SUMMARY 


Background 

This  Workshop  on  Federal  Programs  Involving  Supercritical  Water  Oxidation  was  a 
follow-on  to  previous  informal  meetings  held  to  discuss  work  in  this  area.  The  first  was  held 
at  the  Naval  Civil  Engineering  Laboratory,  Port  Hueneme,  CA  in  March  1990  and  the  second 
at  Tyndall  Air  Force  Base,  FL  in  April  1991.  As  with  past  meetings,  the  focus  of  this 
Workshop  was  primarily  programmatic  not  technical.  Attendance  at  these  meetings  was  by 
invitation,  and  by  and  large  the  list  was  determined  by  consultation  with  the  Federal  agency 
participants.  To  our  knowledge  all  Agencies  with  a recent  involvement  in  SCWO  related 
technology  were  contacted.  We  received  correspondence  and  information  from  a number  of 
individuals  or  laboratories  who  were  not  able  to  attend  either  because  of  scheduling  difficulties 
or  requirements  resulting  from  active  contract  negotiations.  Input  relevant  to  their  interests  was 
included  in  the  presentations  except  in  the  case  of  the  Environmental  Protection  Agency.  In  this 
regard,  Mr.  Ron  Turner  of  the  Risk  Reduction  Engineering  Laboratory,  Office  of  Research  and 
Development,  Cincinnati,  OH  informs  us  that  an  Engineering  Bulletin  on  Supercritical  Water 
Oxidation  will  be  issued  soon. 

Content  of  these  proceedings 

The  proceedings  include  the  following: 

• List  of  the  attendees,  their  addresses  and  phone  numbers 

• Copies  of  the  speakers'  viewgraphs.  Some  speakers  submitted  additional  material 
which  also  is  included. 

• an  SCWO  Track  Chart  which  summarizes  some  of  the  organizations  involved  in 
SCWO  technology  development  and  their  activities 

The  last  item  is  derived  from  a viewgraph  originally  presented  by  Mr.  Anthony  Rodriguez  of 
the  Carderock  Division  of  the  Naval  Surface  Warfare  Center.  We  circulated  copies  of  this 
viewgraph  for  mark-up  and  return  by  the  participants.  However,  the  response  was  somewhat 
spotty.  Therefore,  while  informative,  this  SCWO  Track  Chart  is  not  all-inclusive  either  with 
regard  to  the  participants  or  the  nature  of  the  activities  in  this  field. 

Panel  Discussion  of  Technical  Challenges 

The  final  session  in  the  Workshop  was  a Panel  Discussion  titled  Technical  Challenges 
in  SCWO  Implementation.  The  panel  was  composed  of  individuals  who  had  personal  familiarity 
with  the  design,  development,  operation,  or  evaluation  of  a SCWO  reactor  system  (either  direct 
hands-on  experience  or  experience  gained  as  a contract  monitor).  The  panel  did  an  excellent 
job  in  summarizing  some  of  their  experiences  and  concerns  and  in  answering  questions  from  the 
audience  (which  participated  in  the  discussion  at  a very  high  level). 


There  was  no  attempt  to  arrive  at  a formal  consensus  in  terms  of  "technical  challenges". 
However,  many  participants  stressed  the  importance  of  a number  of  topics  (in  priority  order  as 
judged  from  the  amount  of  discussion  and  a review  of  the  taped  proceedings): 

1.  materials  performance  (corrosion) 

2.  salt  separation  and  reactor  plugging 

3.  scale-up: 

safety 

economics- 

energy  costs 
equipment  costs 
maintenance  costs 

lack  of  understanding,  data,  and  validated  models- 
materials  performance 

phases  (including  kinetics  of  phase  separation) 
chemical  kinetics 


More  detail  concerning  these  topics  will  be  presented  below  in  an  assessment  of  the  research 
needs.  However,  first  we  note  the  absence  of  concern  with  respect  to  the  destruction/removal 
efficiency  (DRE)  of  the  SC  WO  process  for  the  waste  materials  of  interest  to  the  supporting 
agencies.  This  reflects  the  fact  that  the  support  for  development  of  SCWO  technology  to  this 
point  has  focussed  principally  on  laboratory  demonstrations  of  adequate  DRE's  for  the  agency- 
relevant compounds.  (In  this  context,  it  was  observed  by  a number  of  participants  that  the 
successful  demonstrations  for  agency-relevant  wastes  provide  useful  information  which  supports 
the  use  of  this  technology  for  treatment  of  a wide  range  of  industrial,  biological,  and 
pharmacological  waste  streams.) 

Further,  we  note  that  it  is  the  view  of  most  of  those  who  have  been  involved  in  the 
development  of  SCWO  that  this  is  a technology  "ripe  for  a successful  demonstration  project". 
This  explains  the  fact  that  the  current  focus  of  the  funding  is  on  the  construction  of  pilot 
facilities  (two  of  these  are  in  the  1000  gal/day  range).  These  facilities  are  seen  as  test  beds 
critical  for  technology  evaluation.  Successful  operation  was  seen  as  the  enabler  for  an  effort 
to  select  (or  design)  optimum  technologies  and  for  scale-up  to  even  larger  facilities  (50,0(K) 
gal/day  range  facilities  were  discussed).  The  latter  efforts,  it  was  implied  (hoped),  would 
include  work  to  enhance  our  understanding  to  a level  commensurate  with  design  goals,  in  terms 
of  destruction  efficiency,  energy  usage,  reliability,  throughput,  safety,  facility  life-cycle,  and 
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maintenance.  It  was  acknowledged  that  a firm  basis  for  identifying  and  selecting  technological 
alternatives  and  designing  optimized  SCWO  reactors  needs  to  be  developed  before  this 
promising  chemical  process  can  be  successfully  deployed.  While  there  are  many  uncertainties 
with  respect  to  scale-up,  there  were  consistent  reports  from  many  participants  that  the  economics 
of  SCWO-based  remediation  for  a wide-spectrum  of  waste  streams  (including  common  industrial 
and  municipal  wastes)  are  very  favorable. 

Finally,  we  observe  that  a number  of  participants  pointed  out  that  the  technical  challenges 
enumerated  above  persist  as  major  concerns  in  spite  of  claims  by  commercial  proponents  of  the 
technology  that  these  problems  or  issues  have  been  "resolved".  This  observation  led  to  the 
conclusion  that  there  is  a need  for  better  communication  among  those  involved  in  SCWO 
technology  and  that  many  problems  are  shared  by  aU  interested  parties  and  thus  there  can  be  and 
should  be  common  solutions  to  these  problems. 

Research  to  Address  Technical  Issues 

In  the  following  we  summarize  in  more  detail  the  discussion  of  the  technical  issues  and 
the  associated  research  needs  which  came  up  during  the  Workshop  and  in  particular  during  the 
Panel  session.  Materials  performance  concerns  focussed  primarily  on  corrosion  of  the  metals 
used  for  construction  of  these  high  pressure  reactor  vessels.  There  was  also  some  discussion 
of  designs  based  on  corrosion  resistant  thin  liners,  e.g.  gold,  or  coatings  and  designs  based  on 
having  sacrificial  sections  in  the  reactor,  which  would  be  made  of  inexpensive  materials  replaced 
on  a regular  basis,  and  also  of  hybrid  constructions  using  metals,  elastomers,  and  ceramic  liners. 
It  is  accurate  to  observe  that  little  is  known  about  materials  performance  in  these  types  of 
environments.  Further,  it  should  be  remembered  that  typical  reactor  systems  provide  a very 
large  range  of  corrosion  environments  including  regions  with  large  chemical,  thermal,  and  phase 
gradients  along  with  conditions  which  could  lead  to  stress  corrosion  cracking  and  fatigue.  High 
density,  high  dielectric  constant  conditions  with  large  ion  concentrations  are  encountered  as  are 
conditions  in  the  gas  phase  with  strong  oxidative  chemistry  in  progress.  Halides  and  sulfates 
are  common  and  carbonates  are  ubiquitous  in  these  systems.  The  presence  of  salt  layers 
associated  with  phase  separation  and  the  possibility  of  surface  catalyzed  reactions  also  were 
considered  important.  In  spite  of  these  complexities,  there  were  strong  sentiments  that  the 
problems  were  not  insurmountable.  There  appeared  to  be  universal  agreement  that  systematic 
studies  were  required  and  that  microscopic  examination  and  in  situ  characterization  would  be 
invaluable. 

In  designing  large-scale  reactors,  information  wiU  be  required  about  the  location  of  the 
fluid-fluid  and  especially  the  fluid-solid  phase  boundaries.  Crossing  a phase  boundary  causes 
a phase  separation  which,  in  fact,  is  a vital  aspect  in  the  selection  of  SCWO  technology  for 
many  of  the  agency-relevant  wastes  streams.  However,  fluid-solid  phase  boundaries,  if 
encountered  in  the  wrong  region  of  the  reactor  also  can  lead  to  the  observed  reactor  plugging 
by  deposition  of  solids.  Fluid-fluid  phase  boundaries  will  lead  to  the  formation  of  brines  which 
can  greatly  enhance  corrosion  as  can  the  formation  of  salt  layers.  The  kinetics  of  phase 
separations  affects  the  carry-over  of  salts  in  the  effluent  stream.  Phase  behavior  is  thus 
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intimately  connected  to  the  salt  separation  and  reactor  plugging  issues.  It  is  also  important  to 
the  chemical  behavior  of  the  system.  The  formation  of  multiple  phases  in  these  inherently 
multicomponent  streams  can  lead  to  demixing  of  reactants  and  reductions  of  efficiency.  There 
was  some  speculation  that  demixing  could  lead  to  potentially  dangerous  reactant  compositions 
(e.g.  hot  spots  associated  with  hydrothermal  flames  and  even  the  possibility  of  explosive 
conditions  were  discussed). 

The  NIST  experts  in  this  area  stressed  that  modelling  of  phase  separation  in  binary  and 
multicomponent  solutions  is  quite  feasible;  however,  there  currently  is  no  modelling  effort 
focussed  on  the  conditions  important  to  SCWO  technology.  The  experts  agree  that  validation 
by  direct  observation  of  phase  separation  in  representative  systems  is  a necessity. 
Thermophysical  property  data,  enthalpy,  density,  viscosity,  diffusivity,  etc.,  are  required  for  die 
design  of  all  aspects  of  preparation  of  the  reactants,  the  dimensions  of  reaction  sections,  and  for 
design  of  heat  recovery  and  cool  down  systems.  There  are  few  data  available  for  the 
multicomponent  systems  of  interest  to  SCWO;  however,  the  prospects  of  developing  a useful 
model  appear  good. 

We  are  still  lamentably  lacking  in  understanding  of  the  chemistry  in  a SCWO  reactor. 
By  and  large,  microscopic  chemical  kinetic  models  based  on  radical  mechanisms  have  not  been 
successful  in  predicting  the  observed  destruction  efficiencies.  The  large  range  of  conditions 
encountered  in  typical  flow  reactor  systems  raises  many  important  questions  with  respect  to  the 
chemistry.  Catalytic  effects  associated  with  metal  surfaces  have  been  observed;  however  their 
contribution  to  the  overall  process  efficiency  is  not  understood.  Conditions  for  both  radical  and 
ionic  chemistry  are  encountered  in  typical  process  streams;  the  importance  of  each  is  not  known. 
Stabilization  against  pyrolysis  has  been  observed,  but  there  is  no  basis  for  predicting  behavior 
for  the  many  systems  of  interest  to  this  technology.  It  is  difficult  to  specify  the  important 
process  parameters,  concentrations  of  reactants,  temperatures,  residence  times,  and  perhaps  even 
pressure,  so  as  to  warrant  optimal  performance  in  terms  of  DRE's,  energy,  and  materials 
performance.  In  anticipation  of  this  lack  of  predictive  capability,  practitioners  are  forced  to 
design  reactors  that  operate  for  longer  residence  times  or  at  more  extreme  conditions  of 
temperature  with  the  potential  for  higher  cost  and  higher  risk. 

All  the  above  topics  become  increasingly  more  important  as  we  talk  about  scale-up  to 
either  continuously  operating  or  larger  throughput  systems.  The  risks  also  increase  as  we  push 
in  these  directions.  There  is  still  a sense  within  the  community  that  a major  failure,  either  in 
terms  of  meeting  DRE  goals,  or  economic  efficiency  goals,  and  especially  in  terms  of  safety 
would  do  great  harm  to  the  future  of  this  very  promising  technology.  The  need  to  understand 
the  process  and  the  processing  system,  in  terms  of  materials  behavior,  phase  behavior,  or 
chemical  behavior,  came  up  over  and  over  again  each  time  the  issues  of  failure  avoidance  and 
wide-scale  deployment  were  raised. 
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It  was  clear  that  SCWO  processing  holds  great  promise  for  waste  treatment.  As 
mentioned  above,  there  is  substantial  confidence  in  the  success  of  the  pilot  facilities  currently 
under  construction.  It  is  hoped  that  these  successes  will  provide  the  basis  for  the  important 
scientific  and  engineering  studies  needed  to  translate  this  technology  into  a reality  for  safe, 
efficient  hazardous  waste  treatment. 
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Figure  10.  Raman  apparatus.  Polarizatioi  rotator:  doofcfe  romfe  half-wave  retarder. 
Laser  Filter  small  mcaiochrtxnator,  L:  lens;  Cl;  coUectkn  lais&  CCD;  charge  coupled 
device  camera  for  detection.  Data  collectioa  using  macintosh  Q compmer. 


21 


Raman  Spectroscopy  is  a Useful  Probe 
in  Supercritical  Water  Environment 


At!su3)u|  aAjteiay 
leuBjs  ueuiey 


< t 


22 


Raman  Spectra  Nitromethane:  0.93M,  248  atm 


1 200  -j  Raman  Spectroscopy  Provides  In  Situ  Probe  of  Nitromethane  Reaction 
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Hydrogen  Peroiide  Decomposes  Rapidly  at  Subcritical  Temperatures 
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Raman  Spectroscopy  Can  Probe  Ionic  Equilibrium  In  Situ 
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CARS  apparatus.  DC:  dye  cell,  containing  Sulforhodamine  640  for  the  red  laser 
and  RbodonsiK  610  for  the  yellow  laser.  £1,  E2:  etalon  tuning  elements  for  the  yellow  las^ 
these  acre  adTsent  in  the  broad-band  red  laser.  PC:  Pockel's  Cell  used  to  fire  the  dye  laser 
pulse.  M:  monochromator  used  to  disperse  the  broad-band  CARS  beam.  CCD:  ctafe-coopled 
device  caanera  to  detea  CARS  beam.  Mac  II:  computer  for  data  acquisition,  display,  amd 
analysis. 


26 


CD 

4-> 

cd 


27 


/OO  800  900  .000  1100  1200 

Raman  shift  (cm~M 


Temperature  Profile  SCWO  of  Hexane 


(Oo)  9JniBJ0dlJU01 


29 


Axial  Distance  (ft) 


CL 

< 

QC 

LU 

QC 

< 


§ 

w s 


LU 


(/) 


Q. 

X 

LU 


«! 


r- 

J9.  S 

^ o CO 
® CO 
I—  0 

Z T3  -g 

i 

X -S  « 

Q 0)  <U 

-P  (/> 

><  "S  ^ 


X « (J 

z w o 
± ® o 
u o 

o. 


^ g 


(/) 

® 
• ana 

(0 

> 


Ui  O 
-a  o 


U 


2 a 

Q-  E 


C o 
Q)  O 

O)  ^ 

o t: 


30 


Los  Alamos 


SCWO  RAPDLY  DESTROYS  EXPLOSIVES 


CO 

CO 

C 

> 

s 

♦ 

* 


31 


Operating  conditions:  600°C,  340  atm,  7 seconds 
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Figure  33  (A)  Calculated  species  profiles  for  the  deocmpositicMi  of  nitromettme  ia 
supercritical  water  at  550  330  atm  and  0,4%  vAr  nitromethane  in  wuer.  (B)  Sane 

calculatioD  with  the  addition  of  H202  in  a 10:1  mohg  iilio  <o  lutroiuethaue. 
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Nitrate/Ammonia  Reactions:  1:1  Molar 
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Hanford  Simulated  Waste  - Los  Alamos 
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Hanford  Simulated  Waste  - Battelle 
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Supercritical  Water  Oxidation  Research  at  Sandia 
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Sandia*s  Supercritical  Water  Oxidation  Program 
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Oxidation  Experiments 
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Sponsors  and  Research  Programs 
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Materials  studies,  Modeling. 
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Hydrothermal  Flame  Minimum  Ignition  Conditions 
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Methane  Minimum  Ignition  Conditions  at  275  Bar 
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Preheater  Reactor  Cooldown 


u 

CO 

bX) 

G 

• 1-H 

C/D 

a> 

o 

o > 

<u 


U 

Q 

c 
o 

c 

• 1-H 


cd 


bX) 

;h 

0-) 


C 

>>  S ^ 

low 
^ ^+-1 
w:  o 

Q 


W 


!-i 

O 


C/D 

0-) 

o 

C/D 

r\ 

ffl 

O 

Q 


0-) 


;-H 

c3 

CIh 

O 

Q 


58 


o 


111 

o 

o 


(/> 

(/) 

o 

o 

o 


(/) 

3 

O 

0) 

3 

O’ 

CO 

c 

CO 


o 

o 

> 

<D 

O 


O) 

O 

c 

0) 

CO 

CD  O 
CO  £ 

o “S 

O E 


59 


(/) 

CO 


O 

0) 

"D 

0) 

0) 
• ■■i 

> 

(/) 

CO 

H 

O 

UJ 

O 

Q 


CO 

3 

O 

CD 

3 

O" 

CO 


CO 

o 

awam 

C 

CO 

O) 

o 

D) 


CO 

0) 

"O 


"O 

o 

E E 

C O 

.2  i 
O CO 
0) 

o S 

> CO 

o 0) 
c 2 
liJ  s 


o 

"S 

■ ■Hi 

TD 

0) 

E 

CD 


CO 

o 

0) 

CO 

E 

o 

(D 

3 

CO 

> 

o 

c 

■ HB 

*5 

0) 

O) 

c 

■ ■■i 

O 

> 

o 

o 

0) 


"D 

o ^ 

li 

^ 0) 


E 

o 


V 

o 

Q. 

o 

S 

o 

c 

d)  ^ 

o)E 

o> 

n E 


fl>  tn 

0 0) 

1-  0) 

1 w 

ll 

^ "O 

(0  c 

M-  (0 
® « 

.52  B 

'«  <2 
(0  n 

QQ  ^ 


60 


Current  Projects 


0) 


CO 

O o 

ou 


CM  CO 
CM 

0>  CM 


o 

% 

n 

o> 


o8 


5>  CO 

o o 

coS 


00 

00 

O) 


0) 

c 

3 


0)  c 

I i 

4-*  (1) 

0)  S: 

Q.  3 

o 2 

OCL 


0) 

CO 
LU  ^ 

§s 

“ o 


o ^ 
-CM 
CM 
CO 


c 

o 

o 


o 

CO 


■ ■ 

u> 

c 


m C Q, 

iS  o ^ 

CO  oi- 


■o 

c 

3 

Li. 


61 


Rodctor 

Type:  Shaped  Chamber  Linear  Chamber 


Program  Phases 


— 

= 

> 

LU 

UJ 

LU 

UJ 

CO 

(0 

CO 

CO 

< 

< 

< 

< 

I 

X 

X 

X 

CL 

Q. 

CL 

Q. 

62 

Phase  I - Feasibility  Evaluation  Conclusions 


63 


64 


stone  & Webster/Modar  - Current  Activity 


o 


CM 

0>  CO 

T-  ^ 

o o 


Q 

Q. 

O O) 
^ c 


in 


(/) 

0) 


S E 

Of)  o 
c *51 

O 0) 
OQ. 


N 

I OH 

E 

c 

tmmm 

E 


o 

CO 

o 

Q. 

(0 

c 

O) 

0) 

"O 

o 

(0 

(/) 

(D 


CO  5 
0)  .2 

0) 

2^ 

§ « 

Ei 

CD  o 
Q CO 


o 


CO 

0) 


0) 


0) 

c 


o 

o 


CO 

o 

o 

E 

a 

0) 

c 

E 

o 

o 

Q 


E 

3 

o 


00 

CD 


c 

o 

2 

o 

Q. 

o 

CO 

3 

o 

3 

.E  c 

■5S  o 


c 

o 

o 

B 

2 

oo 

c 

o 

E 

0) 

Q 


CO 

o 

o 

o 

0) 

N 

E 
■ ■■■ 

c 


65 


Obtain  process  data 
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Figure  4.  First-order  Arrhenius  Piot  for  Oxidation  of  Modei 
Compounds  in  Supercriticai  Water.  ( r.u>. 
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Figure  15 

SCWO  Concentric  Tube  Reactor  Configuration 
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1 1 ,000  Tons/Yr  44,000  Tons/Yr 


Typical  Organic  Hazardous  Waste  Disposal  Costs*  At  Norfolk  Naval  Base 
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Total  Annual  Expenses  $1,171 


Cost  Analysis  (Cont'd) 
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Hazardous  Waste  Disposal  Cost,  $/Gal 
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PLUG-FLOW  REACTOR  MODEL 
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Aux.  Fuel  Requires  Injection  Pump,  Larger 
Air  Demand,  and  Reactor. 
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DEMILITARIZATION  R&D  TECHNOLOGY 
FOR  CONVENTIONAL  MUNITIONS 
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LACK  OF  TECHNICAL  SOLUTIONS  FOR  SEVERAL  ITEMS 
(E.G.,  COLORED  SMOKES/DYES,  PYROTECHNICS) 


DEMILITIZARATION  INVENTORY 
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DEMIL  R&D  TECHNOLOGY  PROGRAM 
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THE  RECLAMATION  AND  REUSE  OF  ENERGETIC  MATERIALS” 


DEMIL  TECHNOLOGY  PROGRAM  PLAN 
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CURRENT  INCINERATION  SYSTEMS  ARE  UNABLE  TO  MEET 
THE  REQUIRED  99.9999%  DESTRUCTION  REMOVAL 
EFFICIENCY  (DRE)  FOR  TOXIC  CONTAMINANTS 
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FY92  DOWNLOADING  EFFORT 
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COMPOSITION  OF  STANDARD  SPOTTING  DYES 
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SOCIETY  OF  DYERS  AND  COLOURISTS 
COLOR  INDEX.  JAN  1924 


CHEMICAL  DYE  STRUCTURES 
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Flow  Rate:  0.75g/sec 

Input  concentration:  2140  ppm  TOC  by  weight.  0.5%  totai  dye  by  weight 
Appearance:  Dark  orange 


GREEN  COLORED  SMOKE  COMPOSITION 
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SUMMARY 
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SCWO  DECOMPOSITION  OF  M31A1E1  TRIPLE  BASE  PROPELLANT 


Roger  L.  Schneider 

U.S.  Army  Corps  of  Engineers 
Construction  Engineering  Research  Laboratory 

Champaign,  IL  61824-9005 
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IDENTIFICATION  AND  ASSESSMENT  OF  ENVIRONMENTALLY  SAFE 

ALTERNATIVE  TECHNOLOGIES 
TO  OPEN  BURNING/OPEN  DETONATION  DESTRUCTION 
OF  EXPLOSIVE  AND  PROPELLANT  PRODUCTION  WASTES 


Roger  L.  Schneider  and  Bernard  A.  Donahue 


U.  S.  Army  Corps  of  Engineers 
Construction  Engineering  Research  Laboratory 

Champaign,  IL  61824-9005,  217-373-6733 
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CATALOG  N 

3M  CENTER.  S 


ENERGETIC  MATERIALS  (PEP) 


Propellants 


Explosives 


Pyrotechnics 


USA  CERL 


ENVIRONMENTAL  ENGINEERING  DIVISION 


Energetic  Materials  Research  Programs  include, 


- Red  Water  / Pink  Water 


- Propellant  Recycling  (NC) 


- Alternatives  to  OB/OD  for  contaminated  production  wastes 


ENERGETIC  MATERIAL  DISPOSAL 


OB/OD 


Incineration 


Supercritical  Water  Oxidation  (SCWO) 


Wet  Air  Oxidation  (WAO) 


Biodegradation 


Electrochemical  Oxidation  / Reduction 


"Enclosed"  Open  Burning 
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EXPLOSIVE  AND  PROPELLANT  WASTE 
CONTAMINANTS 


- Tramp  Metals 


- Cementitious  Materials  e.g.,  gravel 


- Glass 

- Wood  and  other  CelMosics 


- Plastics  and  Composites 


- "Off-Spec" 


UBJECT 
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CONTAMINATED  EXPLOSIVE  AND  PROPELLANT  ]| 
PRODUCTION  WASTE  PRETREATMENTS 

- Hydromilling  | 

- High  Pressure,  35,000  - 55,000  psig  I 

- Lower  Pressure,  Abrasive  Augmented,  2,000-10,000  psig  jj 

I 

- Alkaline  Hydrolysis  ^ 

1 

- Supercritical  Fluid  Extraction,  e.g.,  CO2 

1 

- Solvents  ^ 


I 


NO.  3M  CENTER,  ST.  | 

MADE  IN  U.  S.  A.p 
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M31A1E1  TRIPLE  BASE  PROPELLANT 


nitrocellulose  (NC) 

%w/w 

21.50 

nitroglycerin  (NG) 

18.00 

nitroguanidine  (NQ) 

54.70 

dibutylphthalate 

3.00 

ethyl  centralite 

1.50 

potassium  sulfate 

1.25 

carbon  black 

0.05 

fuu 

Sf. 


S+dl 

‘IS- 

C£< 
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3m 
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CATALOG  NO.  15  - IOC 

3M  CENTER,  ST.  PAUL. 
MADE  IN  U.  S.  A. 


DESTRUCTION  OF  WASTE  PROPELLANTS, 
EXPLOSIVES,  AND  PYROTECHNICS  USING 


184 


I — 

z 

LU 

:e 

H 

< 

LU 

q: 
I — 

ce: 

O 

Li. 

(/) 
Q 
O 
X 
I — 

LU 


LU 

CC 

o: 

CJ 


OJ 

0) 

>% 


2 c 
< .2 
00 

^ — 
iA  o 

t/i 

® m 

O)  ^ 
(0 

2 z 

to 


o 
o 

CO 

o'g 


(n 


(O 

(0 

I 

E 

0) 

(5 


OQ 

c 

<u 

Q. 

o 


o 

u 


O) 

c 

’(/) 

03 

0) 

u 

c c 
o - 

(O 


o w 

§8 


CO  t o 


(A 


¥ s-g 

§s 

lo  5J 

~ £ S 

“ o 

c >»  o 

.2  (c  a 

g 8 § 


185 


Los  Alamos 
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USING  SLURRIES  REQUIRES  NO 
ADDITIONAL  CHEMICALS 
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Schematic  of  the  batch  reactor  experimental  setup.  The  reaction  volume  used  was  2()0  |il,  but 
can  be  varied  up  to  2 ml.  After  completing  the  experiment  the  reactor  volume  is  expanded  into  the  evacuated 
gas  cylindar  for  later  analysis  by  FTIR. 
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ALKALINE  HYDROLYSIS  PRODUCES  WATER 
SOLUBLE  NON-EXPLOSIVE  PRODUCTS 


water  oxidation  destroys 


Hydrolysis  of  Nitroguanidine  with  NaOH 

NHNOo  O 
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CH2O  + HCOO’  + N2O  + NH 
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Three  important  issues 
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Technology  Development: 
Supercritical  Water  Oxidation 
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Reaction  meGhanisms 


Chemkin  Real-Gas 
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Stanjan  Real-Gas 
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. Bomb-Calorimeter  Temperatures 
. Chapman-Jouguet  Detonation  Conditions 
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WORKSHOP  ON  FEDERAL  PROGRAMS 
INVOLVING  SUPERCRITICAL  WATER  OXIDATION 
July  6-7,  1992  at  NIST 


THERMOPHYSICAL  PROPERTIES 
OF  SUPERCRITICAL  MULTICOMPONENT  AQUEOUS  SYSTEMS 
J.M.H.  Levelt  Sengers 

Thermophysics  Division,  NIST,  Gaithersburg 

Part  I 

(Part  II,  by  Dan  Friend,  on  interactive  computing,  follows  next) 


QUESTIONS  WE  ARE  BEING  ASKED 

♦Phase  Boundaries 

Under  what  conditions  does  a solid  salt  separate  out? 
Under  what  conditions  does  a brine  separate  out? 

Does  the  vapor  phase  contain  salt? 

What  are  the  solubilities  of  gases  such  .as  CO2,  02f  etc., 
in  water  at  high  temperatures  and  pressures? 

♦Thermophysical  Properties  for  Reactor  Design 
Enthalpy,  density,  heat  capacity 
Viscosity,  thermal  diffusivity 

♦CJhemical  Reactions  in  Highly  Nonideal  Mixtures 
Nonionic  components 

Ionic  components  ' 
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ATTACHMENTS 

lAPWS  releases  on  properties  of  steam 
NIST  SRD  data  base  information 


FACTS  OF  LIFE 


^Water  is  a Unique  Fluid 

Very  wide  coexistence  curve 
Very  high 

Large  variation  of  dielectric  constant 

♦Phase  Diagrams  of  Aqueous  Systems  are  Complex  and  Varied 
NaCl  - HgO 

O2  - ^2° 

COg  - H^O 
Alkanes  - HgO 


♦Methods  Developed  for  Liquid  Mixtures  Fail  in  this  Regime 

Large  anomalies  in  excess  properties 

Partial  molar  properties  of  solute,  and  related 
standard  states,  are  highly  anomalous. 
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COMPLEX  PHASE  DIAGRAMS  OF  AQUEOUS  BINARY  MIXTURES 
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PRESSURE  IN  BARS 


S.  Sourirajan  and  G.  C.  Kennedy 
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Pressure  / MPa 


(di-lhO 


XCO2 
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E.  BRUNNER 
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ANOMALOUS  EXCESS  ENTHALPIES 
AND  APPARENT  MOLAR  VOLUMES 
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Fig.  3.  Comparison  of  calculated  and  experimental  excess  molar  enthalpies  //^  of 
(-•cHjO  + Cl  — a')C„H2„^2]  Solid  curves  were  calculated  from  eqn  (27)  as  described  in  the 

text,  (a)  [.vH20  + (1  — all  measurements  at  4.50  MPa,  (b)  [.vH,0  + (I  — .xOCgH, 

measurements  at  548.2  K and  4.93  MPa,  598.2  K and  9.41  MPa,  648.2k  and  11.48  MPa, 
(c)  (.vH,0  + (l  — .xOC.Hjg],-^  measurements  at  548.2  K and  4.58  MPa,  573.2  K and  6.00  MPa, 

598.2  K and  7.68  MPa. 
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WHAT  TO  DO? 


*Use  NBS/NRC  Steam  Tables,  Hemisphere  Publishers  1984,  as  a 
reference  fluid 

^t^Develop  a Helmholtz  free  energy  for  multicomponent  aqueous 
mixtures  including  phase  boundaries,  along  the  lines  of  the 
interactive  programs  to  be  discussed  by  Dan  Friend. 


THIS  MUST  ALSO  BE  DObJE 


^Predictive  method  for  the  viscosity  of  multicomponent 
aqueous  systems 

Incorporate  nonionic  chemical  reactions 
Extend  to  ionic  components 
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lAPWS  NEWS 

International  Association  for  the  Properties  of  Water  and  Steam 

President:  J.M.H.  Levelt  Sengers  Vice  President:  J.R.  Cooper 
Executive  Secretary:  R.B.  Dooley 


May  1992 

President's  Remarks 

I woxild  like  to  draw  attention  to  an  issue  that  has  been  repeatedly  stressed  by  Professor  Franck,  namely  the 
possibility  of  destroying  hazardous  waste  and  toxic  products  in  oxygenated  supercritical  steam. 

In  the  United  States  there  is  currently  much  interest  in  exploring  this  issue.  Several  universities  and  many 
Government  agencies  are  doing  research  on  the  topic,  while  a number  of  companies  are  gearing  up  to  bxiild 
reactors.  The  December  issue  of  Chemical  and  Engineering  News  is  devoted  to  this  topic,  and  lAPWS  member 
Prof.  Franck  is  one  of  the  five  authors  of  the  feature  article. 

In  my  own  organization,  NIST,  a team  headed  by  Dr.  Rosasco  is  building  a protot5rpe  reactor  with  windows 
permitting  spectroscopic  studies.  In  my  constilting  activities  with  this  team,  I am  becoming  very  aware  of  the 
similarities  between  this  work  and  the  principal  concerns  of  lAPWS's  working  groups  on  Physical  Chemistry  of 
Aqueous  Systems  and  on  Chemistry  in  Power  Cycles.  The  proposed  reactors  operate  in  a range  comparable  to 
that  of  supercritical  power  cycles,  namely  at  about  250  bar  and  400-600®C,  Contrary  to  power  plants,  the  water  in 
the  reactor  is  quite  contaminated,  but  the  compormds  present  are  similar  (oxygen,  carbon  dioxide,  organics,  salts) 
and  the  materials  problems  will  overlap  at  least  in  part  those  encountered  in  ihe  p)ower  industry.  On  the  other 
hand,  the  research  that  is  crirrently  initiated  in  the  field  of  supercritical  aqueous  hazardous  waste  destruction 
could  indirectly  benefit  the  power  industry.  Thus,  for  instance,  the  NIST  reactor  under  construction  will  permit  in- 
situ  Raman  studies  of  metal  surfeces  exposed  to  the  supercritical  water  stream.  Also,  strenuous  efforts  are 
underway  in  many  groups  in  the  USA  to  model  the  chemical  reactions  taking  place  in  the  presence  of  excess  water 
in  a very  nonideal  state. 

It  is  my  hope  that  no  opportunity  will  be  missed  for  mutual  fertilization  between  the  field  of  power  plant 
chemistry  and  this  emerging  technology.  More  may  be  needed  than  individual  efforts  of  two  or  three  lAPWS 
members  happening  to  be  active  in  boA  fields.  I encourage  the  chairmeh  and  members  of  PCAS  and  PCC  to  do 
some  creative  thinking  aboxit  possible  roles  for  lAPWS  related  to  this  new  technology. 


Russia  Hosts  1992  LAPWS  Meeting 

Professor  Alexandrov  and  his  Russian  National 
Committee  are  organizing  the  1992  meetings  for  the 
executive  committee  and  the  working  groups  in  St 
Petersburg  from  Sunday,  September  6 - Saturday, 
September  12, 1992.  The  program  will  start  on  Monday, 
September  7 with  the  Plenary  Session  at  9:00  AM.  There 
will  be  a S}anposium  on  Tuesday,  September  8 covering 
the  wide  range  of  LAPWS  activities  and  including 
presentations  from  Russian  scientists,  who  do  not 
usually  attend  the  LAPWS  meetings,  and  a number  of 
lAPWS  international  members.  The  foiu  working 
groups  win  meet  throughout  the  week  and  the  executive 
committee  will  meet  all  day  Friday.  Two  visits  are 
planned.  The  first  on  Wednesday  will  be  to  the  Central 
Turbine  eind  Boiler  Institute  (TsIGT)  in  St.  Petersburg; 
this  will  be  regarded  as  optional  so  that  some  working 
group  memb^  could  also  have  a relaxed  working 
session  instead.  The  second  visit,  on  Saturday, 
September  12,  will  be  to  the  St.  Petersburg  Nuclear 


Plant  which  is  about  a two  hour  drive  from  the  dty; 
limch  wni  be  provided. 

All  the  meetings  win  be  at  the  St.  Petersburg  Mining 
Institute.  The  Executive  Secretary  had  the  opportunity 
to  visit  with  Professor  N.  Prosktiryakov,  the  Rector, 
during  a visit  to  St.  Petersbuig  in  March.  The  Institute 
is  ideahy  situated  on  the  Neva  River  and  has  ah  the 
reqiiired  facilities  to  hold  the  LAPWS  annual  meetings. 
The  Institute  has  its  own  Hotel,  which  is  located  about 
2km  away  and  transportation  wfll  be  provided  for  the 
delegates.  The  rates  are  $95  for  a single  room  or  $130 
for  a double  with  aU  meals  being  provided.  Alterna- 
tively, accommodation  is  available  at  the  Pribaltiiskaya 
Hotd,  ($160  single,  no  meals)  which  is  located  very 
close  to  the  Institute's  own  hotel.  Professor 
Proskuiyakov  also  indicated  that  there  will  be  some 
cultural  activities  induded  in  the  events. 

We  hope  to  see  you  in  the  magnificent  dty  of  St. 
Petersburg  in  September. 


For  further  information  on  lAPWS  or  to  request  guidelines  and  releases,  contact: 

Dr.  R.B.  Dooley,  Executive  Secretary,  EPRl,  3412  Hillview  Ave.,  Palo  Alto,  California  94304,  USA 
Telephone:  415-855-2458  Fax:415-855-8759  Telex ; 82977  EPRl  UF 
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Current  lAPWS  Gxiidelines  and  Releases 


"Release  on  the  Refractive  Index  of  Ordinary  Water  and  Steam  as  a Function  of  Wavelengdi,  Temperature 
and  Pressure".  (September  1991). 


"Electrolytic  Conductivity  (Specific  Conductance)  of  Liquid  and  Dense  Supercritical  Water  from  0®C  to 
SOO^C  and  Pressures  up  to  1000  MPa".  (May  1990). 

"Solubility  of  Sodium  Sulfate  in  Aqueoxiis  Mixtures  of  Sodium  Chloride  and  SiJfuric  Add  from  Water  to 
Concentrated  Solutions,  from  250°C  to  350®C".  (May  1990). 

"Release  on  the  Pressure  along  the  Melting  and  Sublimation  Curves  of  Ordinary  Water  Substance". 
(September  1989). 

"Surface  Tension  of  Heavy  Water  Substances  (D2O)".  (September  1985). 


"LAPS  Skeleton  Tables  1983  for  the  Thermod3mamic  Properties  of  Ordinary  Water  Substance".  (November 
1985). 


"LAPS  Formulation  1985  for  the  Thermal  Conductivity  of  Ordinary  Water  Substances".  (November  1983). 

"LAPS  Formulation  1985  for  the  Viscosity  of  Ordinary  Water  Substances".  (November  1983). 

"lAPS  Formulation  1984  for  the  Thermodynamic  Properties  of  Heavy  Water  Substance".  (December  1984). 

The  LAPS  Formulation  1984  for  the  Thermodynamic  Properties  of  Ordinary  Water  Substance  for  Sdentific 
and  General  Use".  (December  1984).  ^ 


"Viscosity  and  Thermal  Conductivity  of  Heavy  Water  Substance".  /(February  1984). 

T983  LAPS  Statement,  Values  of  Temperature,  Pressure  and  Density  of  Ordinary  and  Heavy  Water 
Substances  at  their  Respective  Critical  Points".  (1983).  i??? 


"Ion  Product  of  Water  Substance".  (May  1980). 

"Static  Dielectric  Constant  of  Water  Substance".  (1977). 
"Surfoce  Tension  of  Water  Substance".  (1976). 


"The  1967 IFC  Formulation  for  Industrial  Use". 


LAPS  Supplementary  Release:  "Saturation  Properties  of  Ordinary  Water  Substance".  (September  1986. 
Rev.  November  1986) 
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NATIONAL  INSTITUTE  OF  STANDARDS  AND  TECHNOLOGY 
STANDARD  REFERENCE  DATABASES 

PRICE  SCHEDULE 

Databases  of  physical  and  chemical  properties  prepared  by  NIST’s  Standard  Reference  Data  Program  are  available  in  macnetic 
tape,  diskette,  and  CD  ROM  format  under  a license  agreement.  There  are  three  types  of  licenses,  applicable  to  an  Individual 
User,  to  a Distributor,  and  to  a Subscription  Search  Service. 


§ NIST  STANDARD  REFERENCE  DATABASE  FEE 


1. 

NIST/EPA/MSDC  Mass  Spectral 

$3,300 

' lA. 

NIST/EPA/MSDC  Mass  Spectral:  PC  Version  4,0 

1,200 

IB. 

NIST  Mass  Spectral  Library  of  (Common  (Compounds 

350 

2. 

NIST  Chemical  Thermodynamics  (NBS  Tech  Note  270) 

1,000 

3. 

NIST  Crystal  Data  Identification  File* 

2,000 

4. 

NIST  Thermophysical  Properties  of  Hydrocarbon  Mixtures 

490 

7. 

NIST  Electron  and  Positron  Stopping  Powers  of  Materials 

350 

8. 

NIST  X-Ray  and  Gamma-Ray  Attenuation  Coefficients  and  Cross  Sections 

400 

9. 

NIST  Activity  and  Osmotic  Coefficients  of  Aqueous  Electrolyte  Solutions 

200 

10. 

NIST  Thermophysical  Properties  of  Water 

300 

11. 

DIPPR  Data  (Compilation  of  Pure  Compound  Properties^:  Version  7.0 

4,000  , 

11  A. 

Student  DIPPR 

75 

12. 

NIST  Thermophysical  Properties  of  Fluids 

400 

13. 

NIST  JANAF  Thermochemical  Tables 

1,200 

14. 

NIST  Mixture  Property  Program^ 

400 

15. 

NIST/Sandia/ICDD  Electron  Diffraction* 

3,000 

16. 

NIST  (Corrosion  Performance^ 

240 

17. 

NIST  Chemical  Kinetics:  PC  Version  4.0 

390 

18. 

NIST  Estimation  of  the  Thermodynamic  Properties  for  Organic  Compounds  at  298.15  K 

215 

19A<S:B. 

NIST  Positive  and  Negative  Ion  Energetics 

130 

20. 

NIST  X-Ray  Photoelectron  Spectroscopy 

495 

21. 

NIST/CARB  Biological  Macromolecule  Crystallization  Version  2.0 

390 

22. 

Tribomaterials  I^ 

350 

23. 

NIST  Thermodynamic  Properties  of  Refrigerants  and  Refrigerant  Mixtures:  Version  3.0 

390 

24. 

NIST  Atomic  Transition  Probabilities  Data  File 

215 

25. 

NIST  Structures  and  Properties  Database  and  Estimation  Program 

240 

^Available  from  the  JCPDS-Intemational  Centre  for  Diffraction  Data,  1601  Park  Lane,  Swaxthmorc,  PA  19081.  Phone  (215)  328-9400. 
^Discount  available  to  members  of  DIPPR.  Discount  available  to  GPA  members  for  DDMDC. 

^Available  from  NACE,  P.O.  Box  218340,  Houston,  TX  77218.  Phone  (713)  492-0535. 

'‘Available  from  ACTIS  Inc.,  1118  Highgatc  Rd.,  WUmmgton,  DE  19808.  Phone  (302)  998-8240. 
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§ 

NIST  STANDARD  REFERENCE  DATABASE 

FEE 

26. 

NIST  Vibrational  Electronic  Energy  Levels  of  Small  Polyatomic  Transient  Molecules  Version  2.0 

390 

27. 

NIST  Molten  Salts  Version  2.0 

240 

30. 

NIST  Structural  Ceramics 

495 

35. 

NIST/EPA  Gas  Phase  Infrared 

415 

36. 

NIST/NIH  Desktop  Spectrum  Analyzer  Program  and  X-Ray  Database 

790 

38. 

NIST  Spectroscopic  Properties  of  Atoms  and  Atomic  Ions 

190 

< 

NIST  SPECIAL  DATABASES 

FEE 

1. 

NIST  Binary  Images  of  Printed  Digits,  Alphas,  and  Text 

$ 895 

2. 

NIST  Structured  Forms  Reference  Set  of  Binary  Images 

250 

3. 

NIST  Binary  Images  of  Handwritten  Segemented  Characters 

895 

INDIVIDUAL  USER 

An  individual  PC  user  makes  use  of  a database  solely  on  one  machine  on  an  in-house  basis.  Magnetic  tape  or  source  code  use  is 
discussed  on  an  individual  basis.  Please  call  (301)  975-2208  for  further  details. 

As  an  individual  PC  user,  a single  payment  at  the  initiation  of  the  license  permits  use  imder  the  specified  restrictions  without 
limit  of  time.  Updates  and  revisions  will  be  offered  to  each  licensee  from  time  to  time  at  prices  to  be  determined;  the  restrictions 
on  use  given  in  the  original  license  will  apply  to  each  update  or  revision  that  is  delivered. 


DISTRIBUTOR 

A Distributor  refers  to  a licensee  who  provides  copies  of  the  database  to  other  individual  users  on  a fee  basis. 

A distributor  must  pay  NIST  one  half  of  the  NIST  price  for  each  copy  made.  Different  rates  are  available  for  the  Mass  Spectral 
Database  and  the  DIPPR  Database.  Please  call  (301)  975-2208  for  further  details. 

SUBSCRIPTION  SEARCH  SERVICE  (ON-LINE) 

A license  arrangement  is  available  to  organizations  that  distribute  data  to  third  parties  via  an  on-line  network.  Royalty  fees  to 
NIST  are  based  on  connect  time  and/or  other  measures  of  usage.  Please  call  (301)  975-2208  for  further  details. 


FURTHER  INFORMATION 
Please  contact: 


Standard  Reference  Data 
National  Institute  of  Standards  and  Technology 
221/A320 

Gaithersburg,  MD  20899 
Telephone:  (301)  975-2208 
FAX:  (301)  926-0416 
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THERMOPHSYICAL 
PROPERTIES  OF  FLUIDS: 
RESEARCH  AT  NIST 


Thermophysics  Division: 

Dr.  R.  F.  Kayser,  Chief 
•Gaithersburg,  MD 
•Boulder,  CO 

•Internal,  OA,  commercial  sponsorship 

•Standard  reference  data 

•Liaison  with  industry  for  fluid  properties 
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STANDARD  REFERENCE  DATA 

PROGRAM 


Dr.  M.  W.  Chase,  Chief 

Dr.  J.  Rumble,  Jr.,  Program  Manager 


•Fluid  Mixtures  Data  Center 
D.G.  Friend 

•Properties  of  Polar  Fluids  Project 
R.F.  Kayser 
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COMPUTERIZED  DATABASES 

FROM  THE 

THERMOPHYSICS  DIVISION 


•NIST  Thermophysical  Properties  of 
Hydrocarbon  Mixtures  Database 
(SUPERTRAPP,  SRD  4) 

•NIST  Mixture  Properties  Database 
(DDMIX,  SRD  14) 

•NIST  Thermophysical  Properties  of  Pure 
Fluids  Database  (MIPROPS,  SRD  12) 

•NIST  Thermodynamic  Properties  of 

Refrigerant  and  Refrigerant  Mixtures 
Database  (REFPROP,  SRD  23) 

•NIST  Thermophysical  Properties  of  Water 
Database  (NBS/NRC  Steam  Tables,  SRD 
10) 
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GENESIS  OF  DDMIX 


•NIST  (NBS)  Supercritical  Fluid  Properties 
Consortium 


•14  companies  primarily  interested  in 
supercritical  CO2  processes 

•4  year  project 
Experimental  measurements 
Theory 
Modeling 
Computer  package 

•Distribution  by  SRD 
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SUPERTRAPP 
(SRD  4) 

Dr.  Marcia  L.  Huber 

•Extended  corresponding  states  (ECS) 

•Transport  property  corresponding  states 

•Propane  reference  fluid 

•116  Fluids  in  database 

alkanes,  alkenes,  aromatics, 
cycloalkanes,  common  impurities 

•Excess  and  residual  properties  easily 
calculated 

•Ability  to  add  new  fluids 

•User  friendly 
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Thermophysical  properties  calculated 

by  SUPERTRAPP 


phase  boundaries 

density 

Cp 

Joule-Thomson  coefficient 
enthalpy 

Cp/C, 

viscosity 
entropy 
sound  speed 
thermal  conductivity 
compressibility  factor 
molecular  mass 
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Component  database  in  SUPERTRAPP 


methane 

n-octane 

1 -hexene 

ethane 

2,3,3,4-tetramethylpentane 

1-heptene 

propane 

2,2,4,4-tetramethylpentane 

1-octene 

n-butane 

2,2,3,4-tetramethylpentane 

1-nonene 

isobutane 

2,2,3,3-tetramethylpentane 

1-decene 

n-pentane 

2,2,5-trimethylhexane 

propadiene 

isopentane 

2,2-dimethylheptane 

1,3-butadiene 

neopentane 

2-methyloctane 

1,2-butadiene 

2,2-dimethylbutane 

n-nonane 

cyclopropane 

2,3-<limenthylbutane 

2,2,5,5-tetramethylhexane 

cyclopentane 

3-methylpentane 

2,2,3,3-tetramethylhexane 

methylcyclopentane 

2-methylpentane 

3,3,5-trimethylheptane 

ethylcyclopentane 

n-hexane 

n-decane 

cyclohexane 

2,2,3  -trimethylbutane 

n-undecane 

methylcyclohexane 

3,3-dimethylpentane 

n-dodecane 

ethylcyclohexane 

2,4-ciimethylpentane 

n-tridecane 

benzene 

2,3-dimethylpentane 

n-tetradecane 

toluene 

2,2-dimethylpentane 

n-pentadecane 

ethylbenzene 

3-ethylpentane 

n-hexadecane 

ortho-xylene 

3-methylhexane 

n-heptadecane 

meta-xylene 

2-methylhexane 

n-octadecane 

para-xylene 

n-heptane 

n-nonadecane 

propylbenzene 

2,2,3,3-tetramethylbutane 

n-eicosane 

isopropylbenzene 

2,3,4- trimethylpentane 

n-heneicosane 

butylbenzene 

2,3,3-trimethylpentane 

n-docosane 

isobutylbenzene 

2,2,4- trimethylpentane 

n-tricosane 

t-butylbenzene 

2,2,3-trimethylpentane 

n-tetracosane 

naphthalene 

3-methyl-3-ethylpentane 

ethylene 

1 -methylnapthalene 

2-methyl-3-ethylpentane 

propylene 

2-methylnapthalene 

3,4-dimethylhexane 

2-methylpropene 

biphenyl 

3,3-dimethylhexane 

cis-2-butene 

hydrogen 

2,5-(iimethylhexane 

trans-2-butene 

nitrogen 

2,4-dimethylhexane 

1 -butene 

oxygen 

2,3-dimethylhexane 

2-methyl-2-butene 

water 

2,2-dimethylhexane 

2-methyl- 1 -butene 

carbon  monoxide 

3-ethylhexane 

3-methyl- 1 -butene 

carbon  dioxide 

4-methylheptane 

cis-2-pentene 

sulfur  diojdde 

3-methylheptane 

trans-2-pentene 

hydrogen  sulfide 

2-methylheptane 

1-pentene 
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AQUEOUS  SYSTEMS  IN  ECS 

MODELS 


•Need  Haar-Gallagher-Kell  equation  for 
reference  states 

•Refinement  of  phase  boundary  routines 

•Further  development  of  transport  property 
corresponding  states 

•Structurally  based  ECS  parameters 

•Dielectric  constant  (or  H-bonds)  as  ECS 
parameter 

•Ionic  components 

•Chemically  reacting  systems 
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Volume  shape  factor, 


240 


CONCLUSIONS 


•There  is  a need  for  thermophsyical  properties 
(phase  diagrams,  densities,  viscosities, 
enthalpies,  etc.)  for  a variety  of  supercritical 
aqueous  systems: 

•accurate 

•thermodynamically  consistent 
•easy  to  use 


•Existing  extended  corresponding  states 
models  and  computer  packages  can  form  the 
basis  for  fulfilling  these  needs. 
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Chemical  Kinetics  and  Thermodynamics  Division 

Dr.  Sharon  G.  Lias,  Chief 
301-975-2562 
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Measured  data  and  theory-based  predictive  models 


Process  Measurements  Division 

Dr.  Andrej  Macek,  Acting  Chief 
301-975-2610 
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density,  species 
reaction  intermediates 
materials  performance 


Thermophysics  Division 

Dr.  Rich  F.  Kayser,  Chief 
301-975-2483 
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NBS/NRC  steam  Tables  REFPROP 
SUPERTRAPP  MIPROPS 


Metallurgy  Division-Corrosion  Group 

Dr.  Richard  E.  Ricker,  Leader 
301-975-6023 
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NACE-NIST  Corrosion  Data  Program 


Materials  Advisory  Expert  System 
for  the  Handling  and  Storage  of  Hydrogen  Chloride 


Fig.  22:  Alloy  C-276,  resistance  to  HCl,  purged  with  oxygen 


Rule:  If  HCl  concentration  < = 12%  or  >=20% 
and  Oxygen  purge  = true 
and  Temperature  < = 50°C 
then  consider  Alloy  C-276 
and  Corrosion  Rate  < = 50  mpy 
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UNIVERSITY  RESEARCH  INITIATIVE  PRCX3RAM 
FY  92-96 
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ARO-University  Research 

Initiative 


Chemical  Reactors 


Massachusetts  Institute  of  Technology 

J.  E.  Tester 
H.  J.  Herzog 

J.  B.  Howard 

R.  M.  Latanision 
W.  A.  Peters 
A.  F.  Sarofim 

University  of  Delaware 
M.  T.  Klein 
T.  B.  Brill 

University  of  Texas- Austin 

K.  Johnston 
M.  A.  Fox 
A.  Bard 
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CHEMICAL  REACTORS: 
SUPERCRITICAL  WATER  OXIDATION 


Massachusetts  Institute  of  Technology: 

Experiments:  Global  Kinetics  of  Destruction 

Salts  • Nucleation  and  Phase  Separation 
Corrosion 

Modeling:  Reactor  Engineering 

Process  Simulation 

Target  Compounds: 

Malathion  DiMethyl  Sulfoxide 

H3CO  s 

^P-S  -CHCOOCjHj  ”®^^s=o 

H3CO  CHsCOOCjHj 

Ammonium  Perchlorate  NH4CIO4 

Nitroglycerine  Nitrocellulose 

HjC-ONOj 
I 

HC-ONOj 
HjC'ONOj 
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CHEMICAL  REACTORS: 
SUPERCRITICAL  WATER  OXIDATION 

University  of  Delaware: 

Experiments:  Identify  Reactive  Intermediates  • FTIR, 

Raman 

Modeling:  Detailed  Reaction  Kinetics 

Target  Compounds: 

Nitrates  R-C-NO2 

Nitrate  Esters  R-C-O-NO2 

Nitramines  R-C-N-NO2 

Nitrate,  Perchlorate  Salts  NH4NO3,  NH4CIO4 
High  N Compounds  - Azides  Pb(N3)2 
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CHEMICAL  REACTORS: 
SUPERCRITICAL  WATER  OXIDATION 


Experiments: 


Modeling: 


University  of  Texas-Austin: 

Spectroscopy  of  charge  transfer  reactions 
Redox  Reactions  with  Metal  Oxides 
Electrochemistry 

Equation  of  State  including  H bonding 
Solvent  effects  on  Reaction 
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DARP 
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SCF  TECHNOLOGY 
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SCF  CO2  technique  for  the  improved  processing  of  high  total 
solids  rocket  propellants  (i.e.,  lower  temperature,  shorter  mix- 
ing time,  and  smaller  particle  size  for  decreased  hazards). 
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SCF  TECHNOLOGY 
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MULTICOMPONENT  AEROGEL  PROCESSING 
IN  SUPERCRITICAL  FLUID  MEDIA 

J.  M.  MOSES  , CF  TECHnologles,  Inc.,  Boston,  MA 
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EXTRACTION  AND  DESTRUCTION  OF  HAZARDOUS  MATERIALS 

IN  SUPERCRITICAL  FLUID  MEDIA 

J.  M.  MOSES,  CF  TECHnologies,  Inc..  Boston,  MA 
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SCWO  TASKS 
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electron  atoms  and  molecules.  Enable  theoretical  predic- 
tion of  reaction  pathways  for  the  decomposition  of  chemical 
species  and  enhance  the  capability  to  develop  equations 
of  state  for  supercritical  fluids. 


SCWO  TASKS 


u 

o 

o 


'Tl 


E . 

cs 

i£  .2  c 

C « 


ss  TO 

y O)  fi.  b. 

: g’Ob 

^■gc  = 

: 3 © 

j?  tc 

5 3 2 5 

s .£  fa  X 

= O 

t % eg 

© 2® 


o; 


0^ 


C CL  C^ 

0 O ^ 

^ ^ 
S O C 

1 E I 

Q ^ u 

«52| 

•2^  ■©  o 

'^-s  2 

£>3  4^ 

^ E 

Q o -a 

©s’© 
fi  3 is 


S 

0^ 

CJ 

0^ 


c/5 

c t- 
o S 

*g 

C3  ^ 

.2f  ^ 

13 

cj 

c -ti 

•—  L. 

u 

a; 


c« 

G 

0^ 


G 

s 

u .£ 

tt  = 

X .2 

0^  ts 

ii 

3 >< 

. O 
3 

.2  © 
"SI  Vi 
2^.2 

® © 

.C  3 

•PW 

H -:ai 


263 


theory  — oxidative  reaction  mechanisms  and  real- 

gas  effects  of  water  on  the  rate  constants, 
experimental  --  laser  diagnostic  techniques  to  detect  reac- 
tants, intermediates,  and  products  in  SCW. 


SCFO  DESTRUCTION  EFFICIENCY 
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VX  Simulants 

2-(Dilsopropylainino  etiiaiiol)  0.5  645  >99.99998 

Diethylmethyi  phosphonate  0.5  563  > 99.99998 
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CRYOFRACTURE  SYSTEM  APPLIED  TO 
U.S.  CHEMICAL  DEMILITARIZATION  PLANT 
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DARPA  SCWO  PROGRAM  SCHEDULE  ANTICIPATES 
PILOT  PLANT  DEMONSTRATION  IN  1995 


CENERJtL  ATOMICS 


DARPA  SCWO  PROGRAM  UNDERWAY 
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CENERML  MTOMICS 


GA'S  TEAM  APPROACH 
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RESEARCH  PROGRAM  FOCUSED  ON  MAJOR 
SCWO  TECHNICAL  ISSUES 
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GA  SCWO  TEAM  ASSIGNMENTS  DEFINED 
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CENEKAL  ATOMICS 


SCWO  DATA  TO  BE  OBTAINED  FROM  A 
VARIETY  OF  TEST  BEDS 
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EWT  CONTINUOUS  FLOW 
CORROSION  TESTS 


CANDIDATE  MATERIALS  SELECTED  FOR 
CORROSION  SCREENING 
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MATERIALS  COMPATIBILITY  INITIAL  TEST  MATRIX  DEFINED 
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Type  1 .3  Propellant  3.9%  NH4CIO4,  2.8%  CO2 
Chlorinated  Compounds  3.5%  HCI,  5.0%  CO2 


EWT/UTBRC  RESEARCH  ACTIVITIES 
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bed 

Perform  system  integration  and  kinetic  tests  on  SCWO  pilot  plant 


UTBRC  INITIAL  BATCH  TEST  MATRIX  BEING  DEFINED 
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Residence  time  1 , 2,  and  3 minutes 


UTBRC  FOLLOW-ON  BATCH  TEST  MATFUX  BEING  DEFINED 
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Additive  Concentration  0%  excess,  100%  excess 


UTBRC  CONTINUOUS  FLOW  TEST  MATRIX  BEING  DEFINED 
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Catalyst  3 catalysts 

Mixing  2 static  mixers 


IITRI  RESEARCH  & DESIGN  ACTIVITIES 
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SCWO  pilot  plant  design  input  specitic  to  chem 


CHEMICAL  AGENT  TEST  MATRIX  BEING  DEFINED 
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TRANSPORTABLE  PILOT  PLANT 
BLOCK  FLOW  DIAGRAM 
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SCWO  PILOT  PLANT  INCORPORATES  MULTIPLE 

SUBSYSTEMS 


£ 

OJ 

0 

u. 

00 

“D 
0 

S 

"O 

0 
w 

0 

0 

£ 

*D 
C 
0 

“O 
0 
■o 
c 
0 

^ .O) 

C Ic 
0 
00 
CO 

c 
o 
o 

0 
■D 

> 

o 


c 
0 
TO 

X 

o 

0 

3 
CO 
CO 
0 

Q. 


CL 

£ 

3 

Ql 


£l 

0 

"co 

CO 

“D 

0| 

0 


£ 

0 

*co 

0 

TO 
0 

S CO 

o 0 

O) 

c 

0 


a 

*co 

>. 


CO 

Q. 

Cl 

3 

CO 

c 

0 

>l 

X 

O 


0 

u. 

3 

0 

0 

0 

u. 

d. 

TO 

C 

0 


O 

X 

0 

0 

0 


o 

o 

0 

0 

i- 

0 

C 

0 

C 
O 
O 
• • 

a 

0 


0 

£ 


CO 

0 

0 

0 

O 

o 


0 


0 

0 

>> 

0 

C 

o 


CL 

O 
3 
TO 
0 


O 

0 

Q- 

0 

O 

0 

O 

0 


0 

0 

-g  « 

O 

> CL 
O 0 

d'O 

£ ^ 

^ o 
0 
>>  CO- 


CO 

"0 

0 

o 

Qi 

0 
• «■» 

Q 

TO 

C 

0 

0 


O 

CO 

C 

0 

LU 


C 

o 

o 

3 

0 

0 

TO 

C 

0 

D) 


Oi  CO 
0 


C 

o 

B 

0 

O 


0 

> 


“O 

0 

3 

2 CD 

2 t; 

0 0 

Hi 

O ® .2 
D)  .ti 
>'  TO 

^ O o 

0 - O 

^ CO  ^ 
O ir:  CD 
— 2 CO) 
^00 

£ 2 
2 0 

0 “O 
CO.  C 

u.  0 

o ^ 


TO 

0 


0 

O 

£ 

0 


£ 

B 

00 

OH 

CO 

c 

o 

*0 

3 

or 

o 

< 

0 

0 

Q 

TO 

C 

0 


C 

o 

O 


0 

0 0 

u.  ^ 

V—  0 

O CO. 

T=:  ^ 
O 0 

V- 

r=C  CO 

5 CO 
8 -55 
-o 

B = 

if 

£ -1 
o o 
« w 

C TO 

o 5 
0 
O 

0 0 

o B 

d 2 


282 


Contamination  Control  System:  agent  related  decon/monitoring  equipment 


SCWO  TEAM  SUPPORTS  PILOT  PLANT  DESIGN 
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SCWO  PHASE  1 PROJECT  SCHEDULE 
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SCWO  PHASE  2 PROJECT  SCHEDULE 
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OFFICE  OF  ENVIRONMENTAL  RESTORATION  AND 
WASTE  MANAGEMENT  INITIATIVES  IN  SCWO 
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Mixed  Waste  Integrated  Program 

Mixed  Waste  Management  Opportunity 
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The  amended  Clean  Air  Act  has  very  stringent  requirements 
phasing  in  for  new  treatment  facilities 


limitations  across  phase  boundaries 


Disadvantages  to  SC  WO 
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Many  inorganic  saits  are  insoiuabie  and  may  be  precipitated 


Potential  Applicability  ofSCWO  to  DOE 
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Mixed  Waste,  TRU  Waste,  PCB/Oils 


Various  Problem  Areas 
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M92-GT-0456-06 


Underground  Storage  Tanks 


M92-GT-0456-07 


Groundwater 
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Mixed  Waste 


295 


M92-GT-0456-09 


Mixed  Waste  Integrated  Program 

700  waste  streams  are  divided  into  7 categories 
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Ceramic  Crucibles,  ‘H  Graphite  and  ^ Hg  Contaminated 

Bricks,  & Media  Carbon  Materials 


Accomplishments 
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Initiated  scoping  of  flame  formation  parameters  with  modei  componds  (subcontract 
to  Sandia) 


Supercritical  Water  Oxidation 
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M92-GT-0456-15 


Summary 
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M92-GT-0456-16 
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